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NOMENCLATURE 


o 

ALPI 

Indicated  sector  pitch  angle,  deg 

ALPPB 

Sting  prebend  angle,  deg 

b 

Thin-akin  model  skin  thickness,  in. 

COLUMN 

Streamwise  group  of  thin-skin  model  thermocouples 

CONT1G 

Model  configuration  identification  number 

CP 

Specific  heat  of  thin-skin  model  material, 

Btu/lbm-°R 

CR 

Center  of  rotation,  axial  station  along  the  tunnel 
centerline  about  which  the  model  rotates  in  pitch, 
in. 

Cl 

Laboratory  calibrated  scale  factor  used  to  convert 
Gardon  gage  output  to  heat  transfer  rate 

C2 

Correction  factor  applied  to  Cl  as  •  function  of  TGE 

DELP 

Pressure  difference  between  a  model  windward  wall 
pressure  and  the  average  leeward  wall  pressure,  psia 

*> 

J 

DTW/DT 

Rate  of  change  of  model  surface  temperature  with 
time,  °R/sec 

\ 

E 

Gardon  gage  output*  ®v 

GAGE 

Gage  identification  number 

HTT  or  H(TT) 

Heat -transfer  coefficient  based  on  TT,  QDOT/ (TT-TW) , 

2 

Btu/ft  -sec-°R 

j 

J 

ITT 

Enthalpy  based  on  tunnel  stilling  chamber  temperature 
(TT),  Btu/lbm 

1 

KG 

Proportionality  constant  relating  gage  output,  E, 
to  the  output  of  the  gage  edge  thermocouple,  TGE 

1 

M 

•  Free-stream  Mach  number 

j 

MACS 

Model  Attitude  Control  System 

1 

MATERIAL 

The  model  insulation  material  tested 

MODEL 

Tested  model  configuration 

2 


T 

C 

TAP 

TC 

TGDEL 

tge 

*i 

TIME 
TIME CL 


Free-stream  static  temperature,  ®R 
Time,  sec 

Pressure  orifice  identification  number 
Thermocouple  number 

Temperature  difference  from  the  gage  center 
to  its  edge ,  °R 

Measured  temperature  of  gage  edge  thermocouple,  ®R 

Time  when  initial  model  wall  temperature  was  recorded , 
sec 

Time  of  day  in  Central  Time  Zone,  hours-min-sec 

Time  of  day  in  Central  Time  Zone  when  the  model 
reached  tunnel  centerline,  hours-min-sec 


3 


TIMEEXP 


Amount  of  time  that  the  model  was  exposed  to  the 
tunnel  flow,  sec 


TIMEEXPT 

TIMEINJ 


TS 

TT 

TW 

TW. 

V 

WA 


P 


Total  amount  of  time  that  the  model  was  exposed 
to  the  tunnel  flow,  sec 

Amount  of  time  from  model  lift-off  to  tunnel 
centerline  during  injection,  sec 

Material  sample  temperature,  °F 

Tunnel  stilling  chamber  temperature,  °R 

Model  surface  temperature,  °R 

Initial  model  surface  temperature,  °R 

Free-stream  velocity,  ft/sec 

Wedge  angle,  the  acute  angle  between  the  forward 
wedge  surface  and  the  free  stream  velocity  vector, 
ALPPB  -  ALPI,  deg 

3 

Thin-skin  model  material  density,  lbm/ft 


1.0  INTRODUCTION 


The  work  reported  herein  was  conducted  by  the  Arnold  Engineering 
Development  Center  (AEDC) ,  Air  Force  Systems  Command  (AFSC) ,  under 
.program  Element  921E02,  Control  Number  9E02-00-9,  at  the  request  of 
the  NaTTohaT"AenjiiytrfTcs  and  Space  Administration  (NASA),  Marshall 
Space  Flight  Center  (MSFC) ,  Huntsville,  Alabama,  for  the  Martin  Marietta 
Corporation  (Michoud  Operations),  New  Orleans,  Louisiana.  The  Martin 
Marietta  Corporation  project  monitors  were  Mr.  Walter  W.  Blake  and  Mr. 
Steve  C.  Copsey,  and  the  NASA/MSFC  project  monitor  was  Mr.  John  Warmbrod. 
The  results  were  obtained  by  ARO,  Inc.,  AEDC  Group  (a  Sverdrup  Corporation 
Company),  operating  contractor  for  the  AEDC,  AFSC,  Arnold  Air  Force 
Station,  Tennessee.  The  overall  task  consisted  of  five  separate  test 
entries  conducted  in  the  von  Karman  Gas  Dynamics  Facility  (VKF) ,  Tunnels 
A  and  C,  over  the  period  from  October  17,  1979  through  May  16,  1980,  under 
ARO  Project  number  VA1A/C-A8. 

The  Shuttle  External  Tank  (ET)  is  covered  with  foam  insulating 
materials  to  prevent  ice  buildup  before  launch.  If  ice  were  allowed 
to  form,  it  could  separate  from  the  ET  and  damage  orbiter  tiles  during 
launch.  Portions  of  the  reusable  Solid  Rocket  Boosters  (SRB)  are  also 
foamed  for  protection  from  aerodynamic  heating  during  their  suborbital 
flights.  The  foam  insulation  also  covers  the  protuberances  which  are 
present  on  the  exterior  surface  of  the  ET  and  SRB  such  as  the  Barry 
Mount,  Cable  Tray  Bracket,  Intertank  Stringers,  etc.  This  report 
describes  in  detail  each  of  the  five  entries  which  tested  the  perfor¬ 
mance  of  several  different  materials  and  geometries  that  may  be  used 
on  the  ET  and  SRB. 


The  primary  test  objectives  and  the  test  articles  tested  in  each 
entry  are  described  below: 

Tunnel 


Entry 

Primary  Objectives 

Test  Articles 

(Test  Date) 

1 

Determine  whether  significant 
insulation  debris  is  produced 
under  maximum  dynamic  pressure 
conditions 

Cable  Tray  Bracket 
Barry  Mount 

Tunnel  A 
10/17/79 

2 

Determine  whether  significant 
insulation  debris  is  produced 
under  maximum  heating  rates  and 
corresponding  dynamic  pressure 
conditions 

Cable  Tray  Bracket 
Barry  Mount 

Tunnel  C 
10/19/79 

3 

Determine  whether  significant 
insulation  debris  is  produced 
under  maximum  dynamic  pressure 
conditions 

ET/SRB  and  Lox  Tank 
Cable  Tray  Ramps 

Tunnel  A 
1/17/80 

A 

Evaluate  insulating  and  erosion 
of  several  alternate  foam 
materials 

Flat  panels,  shock 
generator,  heater 
pad 

Tunnel  C 
A/9/80 

3 

Evaluate  insulating  and  erosion 
characteristics  of  materials 
covering  the  stringers  on  the 

ET  intertank  structure 

Parallel  and  10- 
degree  stringers 

Tunnel  C 
5/15/80 

All  materials  were  tested  by  means  of  the  wedge  testing  technique. 
This  technique  involves  using  a  large  wedge  at  various  incidence  angles  tc 
produce  the  desired  local  conditions  on  the  wedge  that  are  of  primary  inte 
Additional  information  about  this  technique  can  be  found  in  Reference  1. 
The  debris  tests  in  Tunnel  A  were  conducted  at  Mach  number  2  and  free- 
stream  Reynolds  numbers  of  1.8  x  10^  to  3.6  x  10^  per  foot  and  a  wedge 
angle  of  10  degrees.  Tests  in  Tunnel  C  were  conducted  at  Mach  number 
10  and  free-stream  Reynolds  numbers  of  0.4  x  10^  to  2.2  x  10^  per  foot 
and  wedge  angles  ranging  from  10  to  25  degrees. 

Inquiries  to  obtain  copies  of  the  test  data  should  be  directed  to 
Mr.  John  Warmbrod,  NASA/MSFC/ED33 ,  Marshall  Space  Flight  Center, 
Huntsville,  Alabama  35812.  A  microfilm  record  has  been  retained  in  the 
VKF  at  AEDC. 


2.0  APPARATUS 

2.1  TEST  FACILITIES 

Tunnels  A  and  C  are  continuous,  closed-circuit,  variable  density 
wind  tunnels.  Tunnel  A  (Fig.  1)  has  an  automatically  driven  flexible- 
plate-type  nozzle  and  a  40-  by  40-in.  test  section.  The  tunnel  can  be 
operated  at  Mach  numbers  from  1.5  to  6  at  maximum  stagnation  pressures 
from  29  to  200  psia,  respectively,  and  stagnation  temperatures  up  to 
750°R  at  Mach  number  6.  Minimum  operating  pressures  range  from  about 
onc-tentb  to  one-twentieth  of  the  maximum  at  each  Mach  number.  Tunnel 
C  (Fig.  2)  is  a  hypersonic  wind  tunnel  with  a  Mach  number  10  axisvmmetric 
contoured  nozzle  and  a  50-in. -diam  test  section.  The  tunnel  can  be 
operated  continuously  over  a  range  of  pressure  levels  from  200  to  2000 
psia  with  air  supplied  by  the  VKF  main  compressor  plant.  Stagnation 
temperatures  sufficient  to  avoid  air  liquefaction  in  the  test  section 
(up  to  2260°R)  are  obtained  through  the  use  of  a  natural  gas  fired 
combustion  heater  in  series  with  an  electric  resistance  heater.  The 
entire  tunnel  (throat,  nozzle,  test  section,  and  diffuser)  is  cooled  by 
integral,  external  water  jackets.  Each  tunnel  is  equipped  with  a  model 
injection  system,  which  allows  removal  of  the  model  from  the  test  section 
while  the  tunnel  remains  in  operation.  A  description  of  these  tunnels 
may  be  found  in  Ref.  2. 

2.2  TEST  ARTICLES 

All  test  articles  (Figs.  3  through  8)  were  supplied  by  the  Martin 
Marietta  Corporation.  Details  of  the  calibration  models  are  presented 
in  Figs.  9  and  10,  and  details  of  the  materials  samples  instrumentation 
are  shown  in  Figs.  11  and  12.  Sketches  showing  typical  model  installa¬ 
tions  are  provided  in  Figure  13. 

2.2.1  Support  Wedges 

A  wedge  is  used  in  materials  testing  to  reduce  the  free-stream 
hypersonic  Mach  number  to  the  desired  supersonic  level.  Tunnel  stagna¬ 
tion  conditions  are  adjusted  to  produce  the  desired  local  flow  conditions. 
Boundary -layer  trips  spheres  were  spot  welded  to  the  forward  surface  of 
each  wedge  to  promote  turbulent  flow  over  the  sample  surfaces.  Each 


wedge  was  mounted  on  a  sting  which  was  selected  to  provide  the  wedge 
angles  necessary  to  produce  the  required  flow  conditions  and  to 
position  the  samples  for  adequate  photographic  coverage. 

Entries  1  and  3  in  Tunnel  A  used  a  non-water-cooled  steel  wedge 
provided  by  the  Martin  Marietta  Corporation  to  support  the  test  speci¬ 
mens  (Fig.  13a).  This  wedge  was  41.5  in.  long  and  15.0  in.  wide  with 
a  backstep  17.5  in.  aft  of  the  wedge  leading  edge. 

Entries  2  and  5  in  Tunnel  C  used  a  low-angle  water-cooled  wedge 
(Fig.  13b)  provided  by  the  VKF  to  support  the  test  specimens.  This 
wedge  has  the  same  dimensions  as  the  wedge  of  Entries  1  and  3. 

Entry  4  in  Tunnel  C  used  a  high-angle  (33.65  deg)  water-cooled 
wedge  (Fig.  13c)  provided  by  the  VKF.  This  wedge  was  32.5  in.  long  and 
17  in.  wide  with  a  backstep  8.5  in.  aft  of  the  wedge  leading  edge.  The 
sting  adapters  in  conjunction  with  the  tunnel  pitch  mechanism  provided 
the  required  testing  wedge  angles. 

.  2.2.2  Debris  Samples  (Entries  1,  2,  and  3) 

The  protuberances  of  interest  in  Entries  1 ,  2,  and  3  were  the  Cable 
Tray  Bracket/Barry  Mount  shown  in  Fig.  3a.  The  entire  protuberance  was 
too  large  to  test  full  scale  because  of  wind  tunnel  blockage  considera¬ 
tions.  Photographs  and  sketches  of  the  models  used  to  simulate  the 
Cable  Tray  Bracket  and  Barry  Mount  are  presented  in  Figs.  4  through  8. 

In  Entries  1  and  2,  calibration  models  (Figs.  9a  through  9d)  of  the 
Barry  Mount  and  Cable  Tray  Bracket  were  tested  first  to  measure  the  flow 
properties  about  the  protuberance  and  to  select  the  correct  test  condi¬ 
tions  for  testing  the  material  samples.  The  material  samples  of  the 
Barry  Mount  and  Cable  Tray  Bracket  were  primarily  made  of  BX-250  and  PDL- 
4034.  These  samples  were  tested  with  and  without  15  and  30  degree  ramps 
or  cones  leading  the  protuberance  to  determine  if  these  aerodynamic 
"smoothing"  devices  were  effective  in  decreasing  or  eliminating  material 
debris  breaking  off  the  protuberance.  Examples  of  the  samples  tested 
in  Entries  1  and  2  are  illustrated  in  Figure  4  and  5,  respectively. 

Samples  of  ET/SRB  and  LOX  Tank  Cable  Tray  Brackets  were  tested 
in  Entry  3  (Fig.  6).  One  of  the  ET/SRB  Cable  Tray  Ramp  samples  made 
of  BX-250  had  a  1/8-in.  groove  cut  across  the  ramp  to  simulate  the 
presence  of  a  crack  in  the  foam  which  might  appear  on  the  actual 
flight  article.  Likewise,  one  of  the  ET/SRB  Cable  Tray  Ramp  samples 
made  of  PDL-4034  had  a  1/1 6-in.  "crack." 

2.2.3  Alternate  Foam  and  Intertank  Stringer  Samples  (Entries 
4  and  5) 

The  test  articles  for  Entry  4  (Fig.  7)  were  basically  flat  panels 
of  alternate  foam  materials  mounted  on  an  aluminum  support  plate  (Fig. 
7a).  Eleven  different  materials  were  tested,  all  24  in.  long  by  17  in. 
wide  and,  depending  on  the  material,  between  0.75  in.  and  1.5  in.  thick. 
Two  samples  made  of  SLA-561  were  tested  with  a  shock  generator  (Fig.  7c), 
which  created  a  shock  across  the  width  of  the  sample.  For  samples 
made  of  CPR-488  over  SLA-561,  an  electric  heater  pad  was  positioned  under 


the  aluminum  support  plate  to  preheat  the  sample  backside  before:  testing 
aa  a  check  for  material  adhesiveness. 

The  test  articles  for  Entry  5  included  (1)  a  thiirr-skirr heat-transfer 
calibration  model  of  tne  ET  Intertank  Stringers  (Figs.  3a  and  8b) ,. 

(2)  foamed  stringers  oriented  parallel  to  the  flow  (Fig..  3c) ,  (3) 
foamed  stringers  oriented  10  degrees  to  the  flow  (Fig.  8d),.  and  (4)  four 
additional  flat  panel  alternate  foam  panels.  The  Interbank  Stringer 
materiel  samples  were  made  of  CPR-488  and  CPR-488  over  SLA-561 . 

2,3  TEST  INSTRUMENTATION 

2.3.1  General 

The  instrumentation,  recording  devices,  and  calibration  methods 
used  to  measure  the  primary  tunnel  and  test  data  parameters  are  Listed 
in  Table  la,  along  with  the  estimated  measurement  uncertainties.  The 
range  and  estimated  uncertainties  for  primary  parameters  that  were  cal¬ 
culated  from  measured  parameters  are  listed  in  Table  lb. 

2.3.2  Cameras 

A  variety  of  cameras  was  used  to  record  the  testing  of  the  samples. 
Shadowgraph  movies  and  still  photographs  were  taken  to  visualize  shock 
wave  patterns  and  flow  directions  about  the  protuberance  samples.  Color 
motion  pictures  and  color  stills  were  taken  to  record  any  changes  in  the 
samples  as  they  were  tested.  A  black  and  white  video  tape  was  also  made 
for  general  coverage  during  the  test. 

The  cameras  were  positioned  in  such  a  way  as  to  cover  the  entire 
aerodynamic  surface  of  the  sample  and  to  afford  increased  perspective. 
Frame  rates  of  100  and  400  fps  were  6et  for  selected  cameras  in  Entries 
1,  2,  and  3  to  record  the  sizes  of  debris  as  it  separated  from  the 
sample.  Grid  lines  were  projected  onto  the  samples  in  Entries  4  and  5 
to  show  the  surface  contour  as  they  eroded.  Camera  setup  summaries  for 
all  entries  are  6hown  in  Table  2.  All  photographic  data  taken  in  the 
test  are  identified  in  Table  3. 

2.3.3  Calibration  Models  (Entries  1,  2,  and  5) 

Berry  Mount  and  Cable  Tray  Bracket  calibration  models  in  Entries  1 
and  2  were  instrumented  with  pressure  taps  to  determine  the  pressure 
distribution  about  the  protuberances.  The  locations  of  the  taps  are 
shown  on  Figs.  9a  through  9d. 

Thermopile  Gardon  gages  supplied  by  se  VKF  were  used  on  the  cali¬ 
bration  models  in  Entry  2  to  determine  the  heat-transfer  distribution 
on  the  protuberances.  The  thermopile  gage  utilizes  vapor-deposited 
layers  of  antimony  and  bismuth  to  form  a  thermopile  on  the  back  surface 
of  the  sensing  foil.  The  gages  were  1/4  in.  in  diameter  with  a  sensing 
foil  thickness  of  0.010  in.  The  gages  were  instrumented  with  Chromel-® 
Alumel®  thermocouples  which  provided  the  gage  edge  temperature  measurement. 
Gage  edge  temperatures  together  with  the  thermopile  output  were  used  to 
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determine  the  gage  surface  temperatures  and  corresponding  gage  heat- 
transfer  rate.  These  data  were  then  used  to  compute  the  local  heat- 
transfer  coefficient.  The  Cable  Tray  Bracket  was  instrumented  with  7 
thermopile  Gardon  gages  and  the  Barry  Mount  with  8  gages.  A  sketch  showin 
the  general  arrangement  of  the  model  instrumentation  is  presented  in  Fig. 
Five  standard  high-temperature  Gardon  gages  were  installed  in  the  wedge 
aft  of  trip  spheres  and  ahead  of  the  backstep  (see  Fig.  9e) .  The  gages 
are  1/4  in.  in  diameter  and  had  a  foil  thickness  of  0.010  in. 

The  thin-skin  Intertank  Stringer  calibration  models  in  Entry  5 
were  instrumented  with  60  thermocouples  located  as  shown  in  Fig.  10. 

These  thermocouples  were  arranged  in  rows  and  columns  for  online 
data  reduction  efficiency  and  ease  of  data  interpretation.  The  co¬ 
ordinates  and  skin  thicknesses  corresponding  to  each  thermocouple  are 
listed  in  Table  4. 

2.3.4  Materials  Samples  (Entries  4  and  5) 

The  alternate  foam  panels  in  Entry  4  were  each  instrumented  with  thre 
thermocouples  (Fig.  11).  The  Intertank  Stringer  samples  in  Entry  5  were 
instrumented  with  up  to  6  thermocouples.  The  locations  of  the  thermo¬ 
couples  in  the  Intertank  Stringer  samples  are  shown  in  Fig.  12. 


3.0  TEST  DESCRIPTION 


3.1  TEST  CONDITIONS 


A  summary  of  the  nominal  free-stream  test  conditions  for  each  Entry 
is  given  below: 


ENTRY 

M 

PT,  psia 

TT.  °R 

Q,  psia 

RE 

x  10  6/f 

1 

2.00 

9.0 

650 

3.21 

1.80 

2.00 

12.3 

610 

4.40 

2.66 

2.00 

13.0 

610 

4.64 

2.80 

2.00 

13.0 

650 

4.67 

2.60 

2.00 

15.3 

610 

5.45 

3.30 

2.00 

15.3 

650 

5.45 

3.00 

2.00 

16.5 

610 

5.90 

3.60 

2.00 

17.0 

650 

6.10 

3.40 

2 

10.02 

300 

1900 

0.46 

0.366 

10.05 

600 

1900 

0.92 

0.735 

3 

2.00 

14 

610 

5.00 

3.00 

2.00 

15 

610 

5.38 

3.25 

4 

10.10 

1750 

1900 

2.70 

2.16 

5 

10.10 

1750 

1900 

2.70 

2.16 

A  test 

summary 

showing  the 

configurations 

tested  and 

the 

var iabli 

for  each  is 

presented  in  Table 

5. 
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3.2  TEST  PROCEDURES 


3.2.1  General 

In  the  VKF  continuous-f low  wind  tunnels  (A,  B,  C),  the  model  is 
mounted  on  a  sting  support  mechanism  in  an  installation  tank  directly 
underneath  the  tunnel  test  section.  The  tank  is  separated  from  the 
tunnel  by  a  pair  of  fairing  doors  and  a  safety  door.  When  closed,  the 
fairing  doors,  except  for  a  slot  for  the  pitch  sector,  cover  the  open¬ 
ing  to  the  tank,  and  the  safety  door  seals  the  tunnel  from  the  tank  area. 
After  the  model  is  prepared  for  a  data  run,  the  personnel  access  door 
to  the  installation  tank  is  closed,  the  tank  is  vented  to  the  tunnel 
flow,  the  safety  and  fairing  doors  are  opened,  the  model  is  injected 
into  the  airstream,  and  the  fairing  doors  are  closed.  After  the  data 
are  obtained,  the  model  is  retracted  into  the  tank,  and  the  sequence  is 
reversed  with  the  tank  vented  to  atmosphere  to  allow  access  to  the 
model  in  preparation  for  the  next  run.  The  sequence  is  repeated  for  each 
configuration  change. 

Model  attitude  positioning  and  data  recording  were  accomplished  in 
one  of  two  ways  for  each  model  injection.  Either  the  model  attitude  was 
set  while  in  the  installation  tank  before  injection  and  injected  at  that 
attitude  with  data  recording  taking  place  manually  or  automatically  at 
preselected  time  intervals,  or  the  model  was  injected  using  the  point- 
pause  and  sweep  modes  of  operation  under  the  control  of  the  VKF  Model 
Attitude  Control  System  (MACS).  With  the  MACS,  model  pitch  requirements 
were  entered  into  the  controlling  computer  prior  to  the  test  and  model 
positioning  and  data  recording  operations  were  performed  automatically 
by  selecting  the  list  of  desired  model  attitudes  and  initiating  the 
system. 

3.2.2  Test  Procedure  for  Debris  Entries  (Entries  1,  2,  and  3) 

The  calibration  phase  of  Entry  1  was  conducted  to  find  the  total 
pressure  required  to  create  an  8.5-psia  pressure  difference  across  the 
Cable  Tray  Bracket  and  Barry  Mount  with  a  local  Mach  number  of  1.6. 

This  local  Mach  number  required  a  free-stream  Mach  number  of  2.0  and  a 
10-degree  wedge  angle.  The  Barry  Mount  and  Cable  Tray  Bracket  calibra¬ 
tion  models  were  tested  at  total  pressures  ranging  from  9  to  17  psia. 

The  results  indicated  that  a  pressure  of  15.3  psia  was  required  to 
produce  the  8.5-psia  difference  across  the  model  (Fig.  14).  The 
materials  samples  were  then  injected  into  the  flow  at  a  0  wedge  angle 
(to  minimize  injection  loads),  pitched  to  the  10  deg  wedge  angle,  held 
for  10  sec  where  the  maximum  dynamic  pressure  was  experienced,  pitched 
back  to  0  wedge  angle,  and  retracted  out  of  the  flow. 

The  calibration  phase  of  Entry  2  was  conducted  to  find  the  com¬ 
bination  of  wedge  angle  and  total  pressure  that  resulted  in  an 
approximate  pressure  difference  of  2.0  psia  across  the  Barry  Mount 
and  Cable  Tray  Bracket  along  with  heating  rates  of  between  5  and 
40  Btu/ f t ^  sec.  These  conditions  were  obtained  at  a  total  pressure 
of  300  psia  and  at  a  wedge  angle  of  10  degrees  for  the  Barry  Mount 
and  7.5  degrees  for  the  Cable  Tray  Bracket.  The  materials  samples 
were  then  tested  under  these  conditions  for  about  20  seconds  each. 


The  LOX  Tank  and  ET/SRB  Cable  Tray  Ramps  in  Entry  3  were  subjected 
to  the  dynamic  pressure  environment  at  free -stream  conditions  of  Mach 
number  2.0  and  a  total  pressure  of  14.0  psia.  These  samples  were  injected 
into  tunnel  flow  at  0  wedge  angle.  The  MACS  pitched  it  to  a  10- 
degree  wedge  angle  over  a  20-second  period,  held  at  10  degrees  for  10 
sec,  pitched  back  to  0,  and  retracted  just  as  was  done  in  Entry  1. 

3.2.3  Test  Procedure  for  Alternate  Foams  (Entry  4) 

The  free-stream  flow  conditions  and  wedge  angles  were  known  to 
produce  the  required  heating  rates  for  the  alternate  foam  samples  from 
numerous  past  tests.  Therefore,  no  calibration  was  necessary.  Each 
foam  panel  was  clamped  onto  the  wedge  and  injected  into  the  flow  at  the 
desired  wedge  angle  between  10  and  25  degrees  for  the  amount  of  exposure 
time  required,  nominally  60  seconds.  Samples  which  were  instru¬ 
mented  with  thermocouples  were  monitored  every  2  seconds  to  record  the 
insulating  performance  of  the  material. 

Two  SLA-561  samples  were  tested  with  a  shock  generator.  The  shock 
generator  was  attached  to  the  wedge  and  covered  the  entire  span  of  the 
sample.  Both  SLA-561  samples  were  tested  at  a  12-degree  wedge  angle. 
However,  the  shock  generator  angle  (Fig.  7c)  was  10  degrees  for  one  and 
15  degrees  for  the  other. 

Before  testing,  two  CPR-488  over  SLA-561  samples  were  preheated  by 
an  electric  heater  pad  located  between  the  aluminum  support  plate  of  the 
panel  and  the  wedge.  The  thermocouples  inside  the  foam  were  monitored 
until  the  temperature  of  the  foam  next  to  the  aluminum  plate  was  about 
250°F.  The  heater  pad  itself  was  also  monitored  to  avoid  overheating  it 
in  the  process.  The  samples  were  injected  into  the  flow  and  observed 
for  any  effect  of  the  preheating  on  the  adhesiveness  of  the  foam. 

3.2.4  Test  Procedure  for  Intertank  Stringers  (Entry  5) 

Tunnel  operating  conditions  similar  to  Entry  4  were  established. 

The  thin-skin  calibration  model  was  tested  in  both  the  parallel  and  10- 
degree  configurations  at  various  wedge  angles  between  10  degrees  and 
25  degrees.  The  model  was  injected  and  kept  on  tunnel  centerline  for  3 
seconds,  which  was  long  enough  to  adequately  obtain  the  heating  rate  dis¬ 
tribution  over  the  entire  model.  A  typical  plot  of  this  "thermal  map" 
is  shown  in  Fig.  15  for  one  row. 

The  foamed  stringer  samples  were  then  individually  tested  at  pre¬ 
selected  wedge  angles  between  10  and  25  degrees  for  exposure  times  of 
between  15  and  75  seconds.  Those  samples  instrumented  with  thermo¬ 
couples  were  monitored  every  2. seconds  to  record  the  material  insulat¬ 
ing  performance. 

3.3  DATA  REDUCTION 

3.3.1  Pressure  Data  Reduction 

The  pressure  data  obtained  during  the  calibration  phases  of  Entries 
1  and  2  were  obtained  using  standard  pressure  systems  and  data  reduction 
procedures.  The  data  reduction  program  calculated  the  difference  between 
windward  pressures  and  the  average  base  or  leeward  pressure.  This  dif¬ 
ference  was  designated  DELP. 
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3.3.2  Gardon  Gage  Data  Reduction 


Data  measurements  obtained  from  the  thermopile  Gardon  gages  are 
gage  output  (E)  and  gage  edge  temperature  (TGE) .  The  gages  are  direct- 
reading  heat  flux  transducers.  The  gage  output  is  converted  to  heat¬ 
ing  rate  by  means  of  a  laboratory-calibrated  scale  factor  (Cl).  The 
scale  factor  has  been  found  to  be  a  function  of  gage  temperature  and 
therefore  must  be  corrected  for  gage  temperature  changes: 

C2  -  Cl  f(TGE)  (1) 

Heat  flux  to  the  gage  is  then  calculated  for  each  data  point  by  the  fol¬ 
lowing  equation: 

QDOT  =  (C2)(E)  (2) 

The  gage  wall  temperature  used  in  computing  the  gage  heat-transfer  coef¬ 
ficient  is  obtained  from  two  measurements  -  the  output  of  the  gage  edge 
thermocouple  (TGE)  and  the  temperature  difference  (TGDEL)  from  the  gage 
center  to  its  edge  which  is  proportional  to  the  gage  output,  E,  calculated 
by 


TGDEL  =  (KG) (E) 


(3) 


The  gage  wall  temperature  is  then  computed  as 

TW  *  TGE  +  0.75  TGDEL  (4) 

where  the  factor  0.75  represents  the  average,  or  integrated,  value  across 
the  gage. 

The  "standard"  Gardon  gage  data  reduction  procedure  was  used  to 
compute  model  local  heat-transfer  coefficients.  The  procedure  averages 
five  consecutive  samples  of  gage  output,  E,  commencing  with  the  data 
loop  recorded  at  least  one  second  after  the  model  arrives  at  tunnel 
centerline.  The  average  output  is  then  compared  to  each  individual 
reading  used  in  the  average  to  check  for  "wild"  points.  If  the  in¬ 
dividual  readings  differ  from  the  calculated  average  by  more  than  ±2 
percent  or  ±15  counts,  whichever  is  larger,  an  asterisk  (*)  is  printed 
next  to  the  tabulated  value  of  QDOT.  The  gage  edge  temperature  (TGE) 
was  averaged  in  the  same  manner  with  ±5-deg  allowable  deviation  from 
the  average . 

The  heat-transfer  coefficient  for  each  gage  was  computed  using  the 
following  equation: 


■ 


and  the  “cold  wall"  (TW  -  0°F)  heating  rate  was  determined  by 

QDOT-O  •  [H(TT)] [Tf-4601  (6) 

3.3.3  Thin-Skln  Data  Reduction 

The  reduction  of  thin-skin  thermocouple  data  normally  Involves 
only  the  calorimetric  heat  balance,  which.  In  coefficient  form  Is 

HCTT)  -  pbCP  gSM  (7) 


and  the  "cold  wall"  heating  rate  Is  calculated  using  Eq.  (6). 

Radiation  and  conduction  losses  are  neglected  in  this  heat  balance, 
and  data  reduction  simply  requires  evaluation  of  DTW/DT  from  the  tempera¬ 
ture-time  data  and  determination  of  model  material  properties.  For  the 
present  test,  radiation  effects  were  negligible.  However,  conduction 
effects  were  potentially  significant  in  several  regions  of  the  model. 

To  permit  identification  of  these  regions  and  Improve  evaluation  of  the 
data,  the  following  procedure  was  used. 

Separation  of  variables  and  integration  of  Eq.  (7),  assuming 
constant  p,  b,  CP  and  TT  yields 


HCTT) 

pbCP 


(t-ti) 


TT-TVi 

TT-TW 


(8) 


Since  H(TT)/pbCP  is  a  constant,  plotting  £n  [(TT-TW^)/ (TT-TW)] 
versus  time  will  give  a  straight  line  if  conduction  is  negligible. 
Thus,  deviations  from  a  straight  line  can  be  interpreted  as  conduc¬ 
tion  effects. 


The  data  were  evaluated  in  this  manner  and,  generally,  a  reasonably 
linear  portion  of  the  curve  could  be  found  for  all  thermocouples.  A 
linear  least-squares  curve  fit  of  fnKTT-TW^)/ (TT-TW)]  versus  time  was 
applied  to  the  data.  The  data  were  reduced  starting  on  centerline.  The 
curve  fit  extended  for  a  time  span  which  was  a  function  of  the  heating 
rate,  as  shown  on  the  following  list. 


Range 

Humber  of  Points 

Time  Span 

DTW/DT  > 

32 

5 

0.340 

16 

<  DTW/DT  <. 

32 

7 

0.476 

8 

<  DTW/DT  <. 

16 

9 

0.612 

4 

<  DTW/DT  <. 

8 

13 

0.884 

2 

<  DTW/DT  < 

4 

17 

1.156 

1 

<  DTW/DT  <. 

2 

25 

1.700 

DTW/DT  < 

1 

41 

2.788 

13 


,k  - 


In  general,  Che  time  spans  were  adequate  to  keep  Che  evaluation  of 
the  right-hand  side  of  Eq.  (8)  within  the  linear  region.  The  value  of 
CP  is  not  constant,  as  assumed,  and  the  relation 

CP  -  (2.42278  x  10-4)  +  (4.06120  x  10~A)TW  (9) 

-7  2  »10 

-(4.67726  x  10  ')TVT  +  (1.94974  x  10  U)TW  gtu/lbm#R 

was  used  with  the  computed  value  of  TW  at  the  midpoint  of  the  curve  fit 
to  evaluate  CP.  The  maximum  variation  of  CP  over  any  curve  fit  was  less 
than  0.2  percent.  Thus,  the  assumption  of  constant  CP  was  reasonable. 

The  value  of  density  used  for  the  304  stainless  steel  skin  was  p  ■ 

509.352  -  0.0153594  TW  lbm/ft  ,  and  the  skin  thickness,  b,  for  each 
thermocouple  is  listed  in  Table  4. 

3.4  UNCERTAINTY  OF  MEASUREMENTS 

In  general,  instrumentation  calibrations  and  data  uncertainty  esti¬ 
mates  were  made  with  methods  recognized  by  the  National  bureau  of  Standards 
(NBS) .  Measurement  uncertainty  is  a  combination  of  bias  and  precision 
errors  defined  as: 


U  -  1  (B  +  t95S) 

where  B  is  the  bias  limit,  S  is  the  sample  standard  deviation,  and  t^^ 
is  the  95th  percentile  point  for  the  two-tailed  Student's  "t"  distri¬ 
bution  (95-percent  conf idence  interval) ,  which  for  sample  sizes  greater 
than  30  is  taken  equal  to  2. 

Estimates  of  the  measured  data  uncertainties  for  this  test  are 
given  in  Table  la.  The  data  uncertainties  for  the  measurements  are 
determined  from  in-place  calibrations  through  the  data  recording  system 
and  data  reduction  program. 

Propagation  of  the  bias  and  precision  errors  of  measured  data  through 
the  calculated  data  was  made  in  accordance  with  Ref.  2,  and  the  results 
are  given  in  Table  1b. 


4.0  DATA  PACKAGE  PRESENTATION 

A  complete  set  of  all  photographic  data  and  tabulated  data  for 
each  of  the  five  entries  in  this  test  has  been  forwarded  to  the  Martin 
Marietta  Corporation.  Photographic  data  which  showed  significant  testing 
results  and  a  complete  set  of  tabulated  data  have  been  provided  to  NASA/ 
Marshall  Space  Flight  Center/EP44,  Huntsville,  Alabama.  All  test  articles 
for  this  test  have  been  returned  to  the  Martin  Marietta  Corporation. 

Samples  of  the  tabulated  data  from  the  calibration  and  materials 
specimen  runs  are  presented  in  Appendix  III.  A  copy  of  all  4it*  has 
been  retained  at  AEDC  at  the  VKF. 
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a.  Tunnel  assembly 


b.  Tunnel  test  section 
Fig.  1  Tunnel  A 


a.  General  Assembly 

Figure  3.  Barry  Mount/Cable  Tray  Bracket  Protuberance 


Dark  lines 
indicate  the 
model  tested 
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Cable  Tray  Bracket  model  tested 
in  Tunnels  A  and  C 


Barry  Mount  model  tested  in  Tunnel  A 
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Barry  Mount  model  tested  in  Tunnel  C 


b .  Tunnels  A  and  C  Models 
Figure  3.  Concluded 
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a.  Flat  face  Barry  mount  sample  installed  on  the  wedge 
Figure  4  .  Tunnel  A  Barry  Mount  and  Cable  Tray  Bracket  Debris  Models 


Barry  mount  sample  with  a  30  degree  half-cone 
Figure  4.  Continued 


FLat  face  Barry  mount  sample 
Figure  4.  Continued 


d.  Sketch  of  Barry  Mount  Model 
Figure  4.  continued. 


Sketch  of  the  SLA  Covered  Barry  Mount  Model  (Entry  3) 
Figure  4.  Continued 


Cable  tray  bracket  sample  with  a  15  degree  ramp 
Figure  4.  Continued 


Flat  face  cable  tray  bracket  sample 
Figure  4.  Continued 


a .  Barry  mount  in  Tunnel  C 

Tunnel  C  Barry  Mount  and  Cable  Tray  Bracket  Debris  Models 


Figure  5.  Continued 


Flat  face  Barry  mount  sample 
Figure  5.  Continued 


.  Sketch  of  Barry  Mount  Model 


Cable  tray  bracket  installed  on  the  wedge 
Figure  5.  Continued 


Cable  tray  bracket  with  a  15  degree  ramp 
Figure  5.  Continued 
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LOX  Line  Simulation 

dimensions  In  inches  Cable  Tnay  Boftorn  Simulation 

'y-Tesf  Specimen 


a.  ET/SRB  cable  tray  ramp  installed  on  the  wedge 
Figure  6.  ET/SRB  and  LOX  Tank  Cable  Tray  Bracket  Ramp  Models 


ET/SRB  cable  tray  ramp  with  a  simulated  "crack" 
Figure  6.  Continued 


Sketch  of  the  ET/SRB  Cable  Tray  Ramp  Model 


LOX  tank  cable  tray  ramp,  front  view 
Figure  6 .  Continued 


Sketch  of  the  LOX  Tank  Cable  Tray  Ramp  Leading  Edge  Model 
Figure  6.  Concluded 


alternate  foam  flat  panel  sample 
Alternate  Foam  Flat  Panels 


Flat  panel  sample  on  wedge 
Figure  7.  Continued 


c.  Shock  Generator  Positioning 
Figure  7.  concluded. 


brat  ion  model  on  wedge 
Stringer  Models 


1  '  stringer  Sample 

continued . 


5.0 


Sketch  of  Parallel  Stringer  on  Wedge 


d.  Tunnel  C  Cable  Tray  Bracket 

1 ..  All  dimensions  in  inches 

2.  All  Garden  gages  are  windward 

3.  DELP  =  PW  .  -  PW 

windward  average . leeward 


Figure  9.  continued. 


Wedoe  Qa.rdcn  qaqe 


VKF  Low-angle  Wedge  Instrumentation 
concluded 


NOTE  :  All  dimensions  In  inches 


Figure  10.  Thln-skin  Stringer  Model  Instrumentation 


2.0 


Figure  1 1 .  Alternate  Foam  Sample  Thermocouple  Locations 


•  Thermocouple  Loco.fi on 


FLOW/ 


Low-angle  Wedge  In  Tunnel  A 


b.  Low-angle  Wedge  in  Tunnel  C 
13.  continued. 


.  Tunnel  Wall 


High-angle  Wedge  in  Tunnel  C 


Tunnel  Stilling  Chamber  Pressure,  PT,  psia 


a  .  Tunnel  A 

Figure  14.  Typical  Debris  Model  Calibration  Results 
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TABLE  2.  CAMERA  SETUP  SUMMARIES 


operating  side '■right  non-operating  side^left 


Hycam  high-speed  black  and  white  shadowgraph  cameras  were  available  but  were  not 


TABLE  3.  FILM  LOGS 
a.  Entry  1 


TABLE  3.  continued. 

c.  Entry  2  Materials  Samples 


Model 

No. 

Run 

Still 

I. 

Photo  graphs 

D.  No. 

MOVIES 

I.  D.  No. 

Camera  1 

Camera  2 

Camera 

_ 

400  FPS 

4oO  FPS 

400  FPS 

3-1 

22 

10280-81 

10581-  82 

4732 

4740 

4741 

3-2 

23 

10282-83 

10583-84 

10555,57 

4732 

4740 

4741 

3-3 

24 

10284- Bfe 

IOS85  -8fe 

4714 

4742 

4728 

3-4 

'0287-88 

4-1 

25 

10298-99 

10587-88 

4733 

4747 

4729 

4-2 

10300-01 

4-3 

10302-04 

4-4 

10305-Ofc 

5-1 

27 

1 0289-90 

10579-80 

474  5 

4749 

4753 

S-2 

10  291-92 

fe-l 

10293-94 

10577-78 

4744 

4748 

4752 

fe-2 

10295-97 

7/iZ-l 

3  2 

102  2fe-  27 

105 

-4743 

47  50 

4730 

7/12-2 

37 

10328-29 

io5t,7-88 

4737 

4758 

4739 

7/12-3 

33 

10330-32 

105  fa9  -70 

_ 

47  34  . 

4725 

473J 

7/H-4 

34 

10333-34 

1057  1-72 

47  23 

4755  • 

473  A 

8-1 

(0307-08 

8-2 

39 

10309- 1 1 

10573-74 

47  24 

4727 

4755 

6-3 

10312-13 

8-4 

10314  -  15 

10552,  59 

9/12-1 

35 

10321-22 

IOS&3  - 14 

. 

4744 

4751 

4754 

9/13-2 

38 

10323-25 

I05GI-  fc>2 

4737 

4738 

4739 

10-1 

10  31  fo  -  17 

10575-74, 

4748 

4751 

4754 

10-2 

10318-  20 

TABLE  3.  continued 


d.  Entry  3  Still  Photographs 


RUN 

MODEL 

MATERIAL 

PRETEST 

PHOTO 

NO. 

P05TTES1 

PHOTO 

NO. 

r  INSTL. 

PHOTO 

NO. 

302 

ET/sRB  CABLE  TRAY  RAMP 

_ SAMPLE  1 _ 

BX-250 

44-6  447 

582  S83 

301 

SAMPLE  2 

448  449 

584  585 

303 

SAMPLE  3 _ 

450  451 

534  587 

304- 

! _ SAMPLE  4 _ Zb  CRACK 

452  453 

588  589 

* 

30S 

ET/SRB  CABLE  TRAY  RAMP 

SAMPLE  1 

PDL-4-034 

45  b  457 

592  593 

306 

SAMPLE  2 _ 

458  459 

594  595 

307 

sample  3 

460  461 

596  597 

308 

' _ SAMPLE  .4 _ Ye  "crack 

454  455 

590  59/ 

gljMM 

309 

BY- 250 

430  4  31 

604  605 

gaga 

310 

SAMPLE  2. . 

432  433 

60 6  607 

3  ( 1 

sample  3 

434  435 

608  609 

SAMPLE  4 _ 

1 

436  437 

3(2 

lox  tank  cable  tray  ramp 

SAf/PL?  I 

PDL-4034 

438  439 

602  603 

313 

SAMPLE  2 

440  441 

600  601 

3)4 

SAMPLE  J 

442  443 

598  599 

SAMPLE  A 

444  445 

315 

BARRY  MOUNT  sample  t 

SLA-  S6I 

K3EE9! 

31 6 

BARRY  MOUNT  sample  2 

SL  A-561 

464  466 

612  613 

5/6  S/9  520 

■■■■■■■■  1 

■MBI 

■■Ml 

camera  setup 

OOTRATIMP  SIDE 

468  489 

CAMERA  SETUP 

NOW-OPERATING  SIDE 

490 

SP7II 

SHADOWGRAPH 

Roll 

NUMBER 

0860 

TABLE  3.  continued. 


e.  Entry  3  Motion  Pictures 


RUN 

MODEL 

MATERIAL 

CAMERA  1 

CAMERA  2 

REEL  I.D.  NO. 

REEL  I.D.  NO. 

■  (00  FPS 

400  FPS 

302 

et/srb  cable  tray  ramp 

c AMPLE  1  _ 

BX-250 

4743 

4750 

4-743 


4743 


4744 


4749 


475! 


4752 


4742 


4742 


4742 


4742 


305  [ET/SR0  CABLE  TRAY  RAMP  |pDL_4o34.|  4744 


306 


4744 

475  3 

4742 

4  744 

;  4754 

4742 

4745 

475  5 

4742 

4  74  5 

4756 

4742 

309 

LOX  TANK  CABLE 
sample  7 

310 

SAMPLE  2 

311  j 

SAMPLE  3 

4745 

4757 

4742 

4746 

4-756 

4742 

4  746 

4759 

4742 

312  U.OX  TANK  cable,  tray  RAMP  j  PDL-4034  |  4746 


313  I  CAWB 


4746 

4760 

4742 

4747 

4761 

4742 

4747 

4762 

4742 

315 

BARRY 

MOUNT- 

sample  1 

SLA-  561 

4747 

4763 

4742 

316 

Barry 

MOUNT 

SAMPLE  2 

SL  A-S6I 

4  74B 

47  64 

4742 

VIDEOTAPE 


TABLE  3.  continued. 


6 


TABLE  3.  continued 
f.  Concluded 


PRETEST 

POSTTEST 

PUN 

SAMPLE 

MATERIAL 

Photo  No. 

Photo  No. 

418 

CTC14-01 

|  CPR-488 

Binks -machined 

8520 

3280 

33  02 

428 

CTC14-02 

f 

8523 

3284 

3321 

419 

CTC14-03 

CPR-488 

Binks-net 

8524 

3278 

3298 

429 

CTC14-04 

* 

8526 

3291 

3290 

TABLE  3.  continued. 


g.  Entry  4  Motion  Pictures  and  Videotape 


Film  Reel  or  Roll  I.D.  No. 

Camera  1 

Camera  3 

Camera  4 

Camera  5 

Camera  6 

401 

0352 

|  04784 

04785 

Videotape 

i  0549 

0492 

402 

i  ! 

1 

403 

I _ 

1 

404 

l 

i 

405 

r~ 

1 

406 

| 

1 

407 

! 

V 

408 

04783  j  04782 

409 

! 

410 

I 

_ I _ 

1 

411 

I 

412 

413 

1 

414 

M 

'WBm 

mm 

| 

415 

■ 

II 

mm 

416 

■ 

417 

04779 

418 

419 

153 

421 

422 

04780  ! 

423 

0835 

!  1 

424 

_ _ 1 

1 

425 

1 

426 

! 

427 

Ml 

■! 

i 

04778 

1 

428 

Ml 

■i 

! 

429 

04781  j 

430 

_ L 

1 

,  431 

i 

1' 

V 

TABLE  3.  continued. 

h .  Entry  3  Pretest  and  Posttest  Photographs 


7 

pretest 

POSTTEST 

RUN 

SAMPLE 

MATERIAL 

Photo  No. 

Photo  No. 

50 1  -  50£> 


5 14  IcrcfS-/ 


CTCI5-3 


CTC  / 5-4 


CTC  15-5 


5(8  CTCI5-^ 


2o4  stainless  steel 


CPR-  4?R 


CPR- 4? 8 


CPR-488 


CPR-  4-8  8  c 


CPR-A23  c 


CPR-498/SLA-54,/ 


'4203  4494-  4519 

j-^rl  4-S71 _ 


l 4503  +505  4507 


4517 


4520 


4 435  4+97 


144,11 


•44>|4 


44, 1 2  44,(3 


44,02 


5/9  !  etc  15 


I crc 15 


I  CTC  IS- 


!  CTC  1 


520  !  CTC  l 


523  !  CTC  !  5 


525  c r c.  1  ~  - 


529  ' CT C I  5 


5  24,  CTC  15 


527  I  CTC  l 


5Z8  I  CTC  (5 


-  1  C  ::  R  -  4 1  8 


■12  CPR-  4g  ? 


■  13  C  PR  -  488 


!  45 13 


i  4  5(1  !  4&C5 


-!£  CPR-4S8  -yP;l45C4, 


CTC:5-(4j  CPR -48?  /slA-54>(  f  '4514 


O  i  ■ 


££  I  4  5cfe  4S0i?  4509  !  4=03 


-22  -"..4-4054 


ddl-4c;-4 


-24  •  PDL-4034 


+202 


I  4r>c4 


fif  J  !  4499 


I  4498 


■  44,15  44, 14, 


'Ac  >7  4,C'9 


i  4  4, 0  7 


44,(0 


I  4C04, 


4fco8 


TABLE  3.  concluded. 


ET  INTERTANK  STRINGER  TIMN-SKIN  THERMOCOUPLE 
LOCATIONS  AND  SKIN  THICKNESSES 


■V'- 


3 

o 

2C 


OOOOOOOOOOOOOOOOOOOOOOOO^romrO*- 
0000000000000  0  003000000000000 


ooooooooo 


o  o  o  o  o 


o  o  o  o 


o  o  o  o  o 


cocT'OcoaNOooaNOQO^Ocoo'NOco^or^r^NrN.r^r^ 


'C'00\OOvD-t-r-N(\icvi^cnn>jsf^inLniriovO'Or»cN!,n>fi^\o 


r—  cNm<ruO'Or**aocrNO'—  Nr-'isrinor^M^O'-  NnsrinvONCOC'O 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

<r<-<r<r^r^T<r<T'<r<r<r^''T<r<r'3-<r'4'<r<r-<r^'>3'sr<r<r<r'd'<j-<r 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


Oi  -O 


OOOOOOOOOOOOOOOOOOOOO 


o  cNrtvrinvOr-Mfn^tr\\Or-Mfn<rinsO--N(,i^irivo*-M^sjinsO 


033 


TABLE  5.  TEST  SUMMARY 
a.  Total  Project 


ENTRY 

M 

MODEL  or  MATERIAL 

RUN  NUMBERS 

refer 

TO 

(Date) 

table 

no. 

CABLE  TRAY  BRACKET  CAUB. 


BARRY  MOUNT  CALIBRATION 


CABLE  TRAY  BRACKET  MATcj^a.ls 


:  TRAY  BRACKET  CALIBRATION 


Barry  mounT  calibration 


10.05  BARRY  Mount  calibration 


cable  Tray  bracket  calib. 


1 0.02  CABLE  Tray  bracket  materials 


Barry  Mount  materials 


2.0  ET/5RE  CABLE  TRAY  f?AYM 


COX  TANK  cable  TRAY  RAMPS 


i  8arrv  mounts 


NCFI-  25  -  13 


F  SC  -  7C  - 


TU- 3 33 


TO-  200  fe  —  2  I B 


CPRX-TO-9&-Z 


P  DL  -  5oo  -  Z  .5 


CooK  S3  zS 


.LA-SCI  ujifh  sEoc!f  oeoera*T 


c?uElflam  SSC24 


CPR-4S(?/saA -Eil  heaT  po.4 


CPR-4KX  Pi  i  i'  '•«  c  -  rtiac  K  >  i-ied 


CPR-AR2  Binicj-.net 


IQ.  IQ  I  PARALLEL  stringer  Calibration 


PARALLEL  stringer  MATERIALS 


10°  STRimSER  MATERIA'. 


Flat  Panels _  _ 

82 


4  20 

422 

422 

42  1 

430 

4  14 

425 

41? 

42? 

So/  -  sot, 


50 7-  5/3 


S/9  -  523  SZS 


Sit,  -  SZ9 


5 


5 


o”h 


i'K 


JLh _ | 


TABLE  5.  continued. 


c.  Entry  1  Materials 


Materials 

RUN 

Model  /  Material 

Config. 

Sample 

Model 
I.  D. 

Vedse 

An&le 

M 

PT 

B 

8 

CABLE  TRAY  BRACKET/  „ 

w,r*  RAMP  /POL- 4034 

3 

i 

5-1 

MACS 

2.0 

15.3 

r  iso 

9 

3 

2 

3-2 

m 

■ 

10 

3 

3 

3-3 

il 

CABLE  TRAY  BRACKET /-PDL- 4-034 

4 

1 

4-1 

12 

4 

2 

4-2 

13 

4 

3 

4-3 

14- 

cable  tray  bracket  ' 

WITH  >C®  |?AMP  /BX-Z50 

S 

l 

S-l 

15' 

CABLE  TRAY  BRACKET/* BX-250  |  fo 

1 

fc>-l 

lb 

* 

fc 

2 

b-2 

17 

CABLE  TRAY  BRACKEt/pOL- 4034- 

4 

4 

4-4 

18 

GARRY  MOUNT  with/., 

30*  halt-come  /pp L-4034 

7 

1 

7-1 

19 

7 

2 

7-2 

20 

1 

4 

7-4 

i 

'  21 

BARRY  MOUKTT/pdl-4034 

8 

1 

8-1 

_ 

22 

ft  1  2 

8-2 

23 

8 

3 

8-3 

1 

24- 

BARRY  MLUtfT  WITH  / 

30*  UALF-CONE  /oX-25 O 

9 

1 

9-1 

_ 

25 

BARRY  Mount/ BX-2SO 

IO 

1 

10-1 

2b 

IO 

2 

10-2 

i' 

27 

BARRY  MOUNT/pol-4o34 

8 

4 

8-4 

V 

28 

8 

4' 

8-4 

' 

12.25 

m 

■i 

•  - 

TABLE  5.  continued. 


d.  Entry  2  Calibration 


CALIBRATION 


RUN 

model  /  Material 

Config. 

■ 

Sample 

Wedse 

AN6LE 

M 

PT 

TT 
.  .T, 

1 

BARRY  MOUNT/cAuB 

1 

l 

/-I 

O  •' 

IO.  os 

bOO 

1440 

*> 

IO 

L 

L_ 

3 

o 

r 

1 

4 

IO 

5 

20 

6 

■ 

20 

7 

- 7 

CABLE  TRAY  BRACKET /CALI  B 

Z 

2-1 

20 

8 

IO 

9 

O  1 

b 

IO 

20  1 10.02 

300 

1  1 

20  1 

12 

IO 

13 

O 

(4 

IO 

15 

20 

18 

_ Q _ 

17 

5 

18 

5 

_ 

19 

7.5 

20 

IO 

21 

’ 

7.5 

_ 

28 

BARRY  MOUNT/CALIB 

1 

l-l 

IO 

29 

20 

30 

IO 

31 

IO 

i 

85 


TABLE  5.  continued. 


e.  Entry  2  Materials 


V-. 


TABLE  5*  continued, 
f.  Entry  3 


TABLE  5.  continued 


g.  Entry  4  Alternate  Foams  i 


RUN 

SAMPLE 

'  MATERIAL  • 

WEDGE 

ANGLE 

deg 

M 

PT 

’'sia 

TT 

°F 

401 

CTC13-01 

NCFI-25-13  * 

10.0 

10.0 

1800 

1440 

402 

CTC13-02 

| 

15.0 

\ 

403 

CTC13-03 

1 

20.0 

! 

CTC13-04 

i 

1 

I 

404 

CTC13-05 

FSC-76-1-29 

10.0 

! 

1 

1 

1 

405 

CTC13-06 

15.0 

i 

_ i 

1 

} 

406 

CTC13-07 

20.0 

| 

i  • 

CTC13-08 

L, 

i 

j 

407 

CTC13-09 

TU-333 

10.0 

FI 

t 

i 

! 

408 

CTC13-10 

1 

1  « 

15.0 

1 

i 

409 

CTC13-11 

20.0 

1 

! 

CTC13-12 

\ 

! 

I 

410 

133931 

TU-2006-21B 

10.0 

I 

i 

411 

CTC13-14 

15.0 

l 

431 

CTC13-15 

20.0 

i 

412 

CTC13-17 

CPRX-90-96-2 

10.0 

413 

CTC13-18 

15.0 

414 

CTC13-19 

20.0 

426 

CTC13-20 

25.0 

415 

CTC13-21 

PDL-500-2 . 5 

10.0 

- 

416 

CTC13-22 

15.0 

1 

417 

CTC13-23 

20.0 

! 

427 

CTC13-24 

25.0 

L 

420 

KB9311 

COOK  G325 

15.0 

_ 

422 

CTC13-28 

SLA  w/shock  gen.  10° 

12.0 

423 

CTC13-29 

SLA  w/shock  gen.  15° 

12.0 

■1 

■ 

■i 

430 

CTC13-30 

QUELFLAM  SS624 

10.0 

1 

421 

CTC13-3 1 

1 

15.0 

CTC13-32 

V 

I 

424 

CTC13-33 

CP,R/SLA  heated 

20.0 

CTC13-34 

j 

. 

■  1 

i 

425 

CTC13-36 

I 

Y 

20.0 

Y 

JL  i 

88 


jfc 


TABLE  5.  continued, 

g.  Concluded 


TABLE  5.  concluded 


h.  Entry  5 


APPENDIX  III 

SAMPLE  TABULATED  DATA 


91 


^AD-A093  310  ARNOLD  ENGINEERING  DEVELOPMENT  CENTER  ARNOLD  AFS  TN  F/G  22/2 

MATERIALS  TESTS  OF  SPACE  SHUTTLE  ALTERNATE  FOAMS  AND  PROTUBERAN— ETC(U) 
JUN  80  6  L  DOMMERMAN 

UNCLASSIFIED  AEDC-TSR-80-V31 


NL 


8** 

s.es 

fft  NH 

*  *  at  «b 

c  ecu 

ulsl 

*  VU  k 

*  S5S 

i-g! 


a.  o  u  cm 

a  *  x  • 

JO  MM) 

4  H  -4 


H»  ♦ 
tc  HU 
«  H<0 


«  O  ^  *»£■ 

C  h  <  OO 

•  «  >  *  * 

U  H  OO 
in  x  •  • 


|  K  M  0-0 

O  U  %S  H  *  » 


u  c« 

•3  •*  ^ 


>*n«m«f.wocooooooo'»n«on»NOoooocccoooceo 


M  C  r-  r»  r-  r»  r* 
K  •••••• 

H  O  Cl  A  h  O  ** 


atfiairr.  in  ir.  micmioiniflnir.  mm  hi  vnn  o  n  «««  «  m  i 


SAMPLE  2.  Entry  2  Data 


f 


SAMPLE  2.  concluded 


SAMPLE  3.  Entry  3  Data 


SAMPLE  4.  concluded 


S  A 

SCk  « 


M  3UM 
—  C  -  H 
►  —  *  5 


ySSu 

SH8 

Utf  k 

• 

A  ■  X 

•  34n 
US«4 
#  O  * 

"s:| 

east 

a  oc 


*  « 

h  3  4 

»•  o 


—  43  O 
XU* 
&oo 


u  in 
u  o 
E  o  • 


&U4 
—  U  A 
■4  0* 


.  O  — 

.  u  o 
c  A 


M  IT. 

H  *•  • 
4  44 


•  —»  — 


U  •*  * 


••U4 
U  U  • 

z«n 


An*  OH  eon0  49>n»4nM««o-04on«444««oiti<*nn 

j  «  »  k.  n(*n»ennAs«;^OOOB4fi«V444r>«nnMn4« 

X  A  h  \  •r^"i«ann«M49>4«*M*n«0i>>«*on«0iA**O4« 

I -  =  h  C=  *■*  A  A  r*  a  *•»  r*  m  m  ts  a  h  a  «  h  a  h  —  «  n.  «  h  n*  O  h  -  h  n*  a  a 

ht-a  OH  . . . . 

m  A  o  «  H  —  o©  o ———©  o o  e  ©••—-•«•  o  o  ••  o 

0+ 

X 

©  • 

©  u 

♦  u  HHAAAA*nAAAmA*»IAAAAAAAAAAAAAAA««%A 

u  a  oo©ocoocoooocoooooooooo©oo©ooo 

MA  •  •  •  I  •  I  ■  1  »  I  I  I  I  I  *  l  l  I  4  •  l  *  ■  ■  l  •  •  »  l  •  • 

—  A  *-  r*  b)h;uuute.uuu«.uuuu;uwuuuwuu.’uwuuuuuu 

I  •  HH  «AAn.©AACr*Air.  N<©»  -  r<t  a  a  ©  a  h 

w  H  •  Hu  rf)n«nn»-«^ff4^cn^n-n«nno»««4nnain 

«  kn  ^c»4nnn--»N4e4»'4inoo»n4innon4«n« 

-  S3  •  •  •  •  •  •  •  •  •  •••^•••«  •  •  •  •  •  •  •  •  •  •  *  J  * 

A 

«  A 

H  • 

4  I  ~ 

>  U  U 

04  W 

X  U  h  A 

X  «)  A  I 

•  •  n 

J  k.  —  •"  H  A  A  A  H  A  ©  *■*  A  m  A  H  A  H  m  ©  ©  A  ©  *-  A  -*  ©  ©  H  A  41 
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